Background: Merkel cell carcinoma (MCC) is a rare, aggressive skin cancer associated with poor survival outcomes in patients with distant metastatic disease (mMCC). In an initial analysis from JAVELIN Merkel 200, a phase 2, prospective, open-label, single-arm trial in mMCC, avelumab-a human anti-programmed death-ligand 1 (PD-L1) monoclonal antibody-showed promising efficacy and a safety profile that was generally manageable and tolerable. Here, we report the efficacy of avelumab after ≥1 year of follow-up in patients with distant mMCC that had progressed following prior chemotherapy for metastatic disease.
Introduction
Merkel cell carcinoma (MCC) is a rare, aggressive skin cancer associated with clonal integration of Merkel cell polyomavirus (MCPyV), accumulation of UV-induced DNA mutations, immunosuppression, and old age [1, 2] . Up to 12% of patients with MCC have distant metastatic disease (mMCC), which has a poor prognosis [1, 3] , and progression to mMCC is frequent in patients with local or regional disease (up to 21%) [4] . Although no prospective clinical trials of chemotherapy have been conducted and no regimen has been specifically approved for mMCC treatment, platinum/etoposide combinations have been widely used and achieve relatively high objective response rates (ORRs); response duration, however, is short and no clear survival advantage has been reported [5, 6] , highlighting the need for alternative treatments. Recently, clinical trials with immune checkpoint inhibitors targeting the programmed death-ligand 1 (PD-L1)/programmed death 1 (PD-1) interaction have shown clinical activity and durable responses in patients with advanced MCC [7] [8] [9] . Based on findings from an open-label, single-arm, prospective, phase 2 trial [8] , avelumab-a human anti-PD-L1 monoclonal antibody-became the first treatment approved by the US Food and Drug Administration (FDA) for patients with mMCC [10] . Here, we report updated efficacy data for avelumab with ≥1 year of follow-up in patients with mMCC that had progressed after ≥1 prior line of chemotherapy for metastatic disease.
Methods

Study design and patients
The procedures for analysis and design of the JAVELIN Merkel 200 trial (NCT02155647) were reported previously [8] . Briefly, patients with histologically confirmed stage IV MCC that had progressed following ≥1 prior line of chemotherapy for metastatic disease, were enrolled. Eligible patients were adults aged ≥18 years who had Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1, an estimated life expectancy of ≥3 months, ≥1 unidimensional measurable lesion by Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1 [11] , and adequate hematological, hepatic, and renal function. Patients who received previous therapy with immune checkpoint inhibitor or concurrent anticancer treatment, systemic treatment with corticosteroids, or those with HIV, immunosuppression, previous organ transplant, hematological malignancies, or clinically significant comorbidities were excluded. Patients were not selected based on tumor PD-L1 expression or MCPyV status. Patients received avelumab 10 mg/kg by 1-h intravenous infusion every 2 weeks until confirmed disease progression, unacceptable toxicity, or occurrence of any other criterion for withdrawal.
Outcomes and statistical analysis
The primary endpoint was best overall response-defined as complete response (CR), partial response (PR), stable disease, or progressive disease per RECIST v1.1-and was evaluated by an independent review committee every 6 weeks. Secondary endpoints included duration of response (DOR), progression-free survival (PFS), and overall survival (OS), and a post hoc analysis was carried out to determine the 6-month durable response rate (DRR) [8] . Time-to-event endpoints were analyzed by Kaplan-Meier methods; medians were calculated with corresponding CIs using the Brookmeyer-Crowley method. Safety data are summarized in aggregate for this report and are reported elsewhere [10, 12] .
Results
Baseline characteristics of the 88 patients enrolled and treated with avelumab were reported previously [8] . Briefly, median age was 72.5 years (range, 64.5-77.0), 65 patients (74%) were male, 47 patients (53.4%) had visceral disease at baseline (ie, any lesions identified in sites other than skin, eye, or lymph nodes by independent review), 49 (55.7%) and 39 (44.3%) had an ECOG performance status score of 0 or 1, and 52 (59.1%), 26 (29.5%), and 10 patients (11.4%) had received 1, 2, or ≥3 prior lines of anticancer treatment, respectively.
As of September 3, 2016 (data cutoff date), median follow-up was 16.4 months (range, 12.1-25.4). Treatment was ongoing in 19 patients (21.6%), and 69 patients (78.4%) had discontinued treatment-mostly due to disease progression (n = 44 [63.8%]) or adverse events (n = 7 [10.1%]), which were treatment-related in 6 patients and included ileus and transaminitis. Ten patients (11.4%) had a confirmed CR, including 2 new CRs since the primary analysis [8] , and 19 patients (21.6%) had a PR, resulting in an ORR of 33.0% (95% CI, 23.3%-43.8%) ( Table 1) . Median time to response was 6.1 weeks (range, 6-36), with 22 of 29 responses (75.9%) observed 6 weeks after treatment initiation. Responses were ongoing at data cutoff in 21 of 29 patients (72.4%), including in 9 patients (31.0%) who had reached the end of treatment (Fig. 1 ). Responses were durable, with the median DOR not yet reached; the lower bound for the 95% CI was 18.0 months, and the longest observed DOR was 23.3 months in a patient with ongoing response (Table 1 , Fig. 1 ). The estimated proportion of responses with a duration ≥1 year was 74% (95% CI, 53%-87%). The 6-month DRR was 30.6% (95% CI, 20.9%-40.3%), and the overall proportion of patients in response at 1 year after treatment initiation was 23.9% (95% CI, 15.4%-34.1%).
The 1-year PFS rate was 30% (95% CI, 21%-41%), and median PFS was 2.7 months (95% CI, 1.4-6.9); the maximum time reported at cutoff was 24.5 months (Fig. 2a) . For illustrative purposes, Kaplan-Meier estimates of PFS from recent studies of second-line or later chemotherapy for mMCC are also depicted [13] [14] [15] . Median OS was 12.9 months (95% CI, 7.5-not estimable), and the 1-year OS rate was 52% (95% CI, 41%-62%) (Fig. 2b) . Subgroup analyses showed trends for higher ORR in patients who received fewer prior lines of anticancer treatment (1 vs ≥2 prior lines, 40.4% vs 22.2%), with lower disease burden (sum of target lesion diameters ≤ median vs > median, 41.0% vs 26.3%), and with PD-L1-positive tumors (1% threshold by immunohistochemistry, 36.2% vs 18.8% for PD-L1-negative tumors; 5% threshold by immunohistochemistry, 57.9% vs 23.6% for PD-L1-negative tumors) (Fig. 3) . The proportions of responses with ≥1-year duration were similar across evaluable subgroups, including tumor MCPyV status (Fig. 4) .
Discussion
These updated data from 88 patients with distant mMCC that progressed following ≥1 line of prior chemotherapy show that avelumab treatment resulted in durable efficacy and prolonged PFS. The confirmed ORR was 33.0%, which is higher than ORRs reported in recent observational studies of second-line or later chemotherapy (9%-23%) [13] [14] [15] . Responses were durable, as evidenced by most (72.4%) ongoing at data cutoff and a median DOR not yet reached; the lower bound of the 95% CI (18.0 months) was considerably longer than the median DOR in retrospective studies of chemotherapy (1.7-3.3 months) [13] [14] [15] . Furthermore, the estimated proportion of responses lasting ≥1 year with avelumab was 74%, whereas few patients in the historical chemotherapy reference literature had a response lasting 6 months 13-15]. Kaplan-Meier plots of PFS showed that a b Fig. 2 Survival outcomes in patients with mMCC receiving avelumab. Kaplan-Meier estimates of (a) progression-free survival (PFS) and (b) overall survival (OS). Vertical lines indicate censored events. Also depicted in (a) are Kaplan-Meier estimates of PFS for recent retrospective studies of secondline (2 L) or second-line and later (2 L+) chemotherapy in patients with mMCC [13] [14] [15] . NE, not estimable.
a Includes both immunocompetent and immunocompromised patients. All patients progressed; therefore, none were censored.
b PFS rate at 6 months was 0%. c One patient with PR had PFS lasting 354 days; 95% of patients receiving second-line chemotherapy had progressed at 230 days a notable proportion of avelumab-treated patients, primarily those with response, have ongoing clinical benefit. Although median PFS was similar to that with chemotherapy, the Kaplan-Meier-estimated PFS curve for avelumab reached a plateau, which is unprecedented with chemotherapy. Furthermore, the 1-year rate of PFS was 30% in avelumab-treated patients compared with 0% in chemotherapy-treated patients (Fig.  2a) . Median OS was 12.9 months, compared with values of <6 months with second-line or later chemotherapy in patients with mMCC [13] [14] [15] , and the lower bound of the 95% CI for median OS (7.5 months) was longer than that reported in these retrospective studies (Fig.  2b) . As for PFS, the Kaplan-Meier estimated OS curve also reached a plateau; approximately 40% of patients exhibited long-term survival. These promising data underscore the challenges to conducting a randomized phase 3 study of immunotherapy compared with chemotherapy in this patient population, given the clear survival benefit of immunotherapy.
We observed objective responses across all subgroups and noted a trend for higher ORRs in patients who received fewer lines of prior therapy, who had lower disease burden, and whose tumors were PD-L1-positive (Fig. 3) ; these patients might be more likely to be immunocompetent and thus more responsive to immune checkpoint inhibitor treatment [16] . Durable responses were seen across all patient subgroups, irrespective of tumor PD-L1 and MCPyV status (Fig. 4) . Taken together, these findings suggest that avelumab may be clinically active in patients with mMCC with different mechanisms of oncogenesis.
JAVELIN Merkel 200 is the largest prospective clinical trial performed in mMCC to date and is continuing enrollment of an additional cohort of patients with mMCC who will receive avelumab as first-line treatment. Findings from this study led to accelerated FDA approval of avelumab for the treatment of patients with mMCC [8, 10] , and, for the first time, offer an alternative to chemotherapy. 
Conclusions
Avelumab monotherapy has durable antitumor activity in patients with mMCC that progressed after chemotherapy. With a minimum of 1 year of follow-up, the observed prolonged PFS and maturing OS data suggest a potential long-term benefit not previously reported with chemotherapy. 
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